Introduction
The falling of concrete parts has recently caused major problems in our modern society. For instance, Japanese newspapers have initiated reports since July of 1999 that concrete parts of tunnels have dropped on Japanese bullet trains causing fear and injuries. Moreover, a journalist reviewed the case of a concrete crack in more detail in September, 2000. 1 Spraying an alcohol solution of 1% phenolphthalein 2, 3 has frequently been used to check the neutralization of concrete. A pink color on the surface of concrete indicates it to still be basic. For example, Izumi et al. investigated the neutralization of concrete by using a phenolphthalein method. 4 Morinaga and Kondou studied the neutralization of concrete and the corrosion of ferroconcrete. 5 Kishitani and Kashino indicated a concept map of the pH slope and phenolphthalein method. 6 Sergi and Glass recently analyzed cement pastes and concretes by a phenolphthalein endpoint method. 7 Most of those studies qualitatively find the boundary between the neutralized and unneutralized parts by using a phenolphthalein solution. Some quantitative methods have been developed to investigate the neutralization of concrete 8, 9 in the laboratory. They are the Xray diffraction method, TG-DTA analysis, Electron Probe Micro Analysis (EPMA), and electrochemical analysis. The Xray diffraction method revealed the acid neutralization of a Portland cement mixture. 10 A thermogravimetric analysis 11 and a TG-DTA analysis 12 were performed for autoclaved aerated concrete and in-situ concrete, respectively. An electrochemical analysis was applied to concrete materials 13 and the study of corrosion inhibitation in concrete. 14 Most of these methods use a bulky machine and apparatus, which make it very difficult to measure many in-situ concrete samples in the environment; also, the phenolphthalein method causes an undesired stain on the concrete.
The aim of the present study was to develop in-situ pH measurements of concrete surfaces outdoors. This new method is based on using a piece of filter paper and a handy semiconductive pH meter. It is a simple and inexpensive method.
Experimental

Apparatus and reagents
Shindengen Kougyou Co. pH-meter (pHBOY-P2) was used for measuring the pH value of samples. A Touretechno Co. UV-meter was used to monitor the UV radiation in the measurement place. Advantec Toyo filter paper (No. 5B) was the original filter paper used for filter paper 6-mm diameter size to fit the pH sensor part. Distilled water, a one-punch hole, tweezers, a stop watch, a black umbrella, cardboard, Kim wipers s-200, and brass (cloth washing brass) for cleaning the surface of concrete were used in the measurement.
Procedure for a pH measurement
A filter paper of 6-mm diameter was produced by a one-punch hole from filter paper No. 5B. It was placed on cleaned concrete surface. Distilled water, 100 µl (micro liter), was dropped onto the filter paper of concrete samples. The filter paper was left for 15 min. While the sample was drying, an additional 100 µl of distilled water was added onto the concrete surface. The amount of distilled water needed depended on the concrete surface. The important clue was that the less was the water amount on the surface concrete, the greater was the amount of water that the paper sample could absorb. The punched 6-mm filter paper was dragged on the concrete surface by stainless-steel tweezers to make the pulp swell in order to absorb a greater amount of water, which was extracted from the concrete surface. After treating the filter paper sample for 15 min on the concrete surface, it was transferred to the sensor part of a pHBOY-P2 meter for a measurement. The value on the monitor was recorded after it became stable.
Results and Discussion
Equilibrium time for the pH of a concrete surface
Filter-paper samples were applied to concrete surfaces with distilled water, and the pH value was measured as a function of time. The test was repeatedly performed at the same place. In A new method was devised for measuring the pH of a concrete surface by pHBOY-P2 with a piece of filter paper by extracting the pH value from concrete. This is a simple and inexpensive method that does not damage the concrete building, and is easy to apply on concrete samples for monitoring. By using the method mentioned above, a drastic decrease of the pH value of concrete bridges and buildings has investigated. The method is environmentally friendly to detect the pH value change of concrete as an environmental sample investigation. order to decide the equilibrium time in the measurement of the pH on the surface of concrete, the change in the pH with time was expressed as in Fig. 1 . It needed at least 10 min to reach equilibrium, as shown in Fig. 1 . All of the samples were measured after 15 min.
Measurement of the pH value in the depth of a concrete building
Concrete powder samples were collected by drilling at 1, 3, 5 and 8 cm in depth of a concrete bank at the seaside. A small amount of distilled water was added to the collected concrete powder. Punched filter papers were placed on it for 15 min, as mentioned above. The basicity (pH) of every different depth of the concrete was measured five times. The average values are given in Table 1 . Samples in the depth of concrete below 1 cm deep, were shown to be near to pH 12. This indicates that neutralization proceeded only in the vicinity of the surface of the concrete bank.
Comparison of the pH value of a new concrete with an old concrete
Concrete blocks were prepared for comparisons with various concrete samples through the study. A freshly prepared concrete shows pH values above 11, as given in Table 2 , while old concrete from a seaside shows pH value below 10. Old concrete buildings have undergone neutralization. It is known that the reason for neutralization can be mainly attributed to the carbonation of concrete buildings. 15 People have added a huge amount, up to six billion tons, of CO2 to the atmosphere every year. 16 Most of it comes from burning waste disposal and fossil fuel. Cement in the concrete is subject to hydration as shown by Eqs. (1) and (2) 
Measurement of the pH on the surface of various concrete buildings at different places in Kagawa and Tokushima
Measurements of the pH for concrete buildings of 111 samples were performed in Kagawa and Tokushima. Most of the samples were concrete bridges that were clearly old. It is postulated that neutralization of concrete buildings proceeds mainly via carbonation in mountain areas, while in cities and seaside areas additional affects would occur besides carbonation.
Samples of mountain area
The samples of mountain area included mountain ranges between Tokushima-Kagawa area (border of two prefectures). This location is surrounded by mountains as a sea windbreak. It has less transportation than in the city. Most of the bridges are located in Tokushima prefecture. By analyzing the data concerning the pH value of the concrete surface, it has been shown that the pH value of concrete became lower as the age of the concrete construction became older, as shown in Fig. 2 . Some empirical equations [17] [18] [19] were proposed that the thickness (cm) of neutralization was proportional to the square root of t (year). Three treatments of data were compared in the plot of the pH of concrete against age: the first was square root of the year; the second was just the year; and the third was square of the year. The values of r 2 in the plot are 0.628, 0.607, and 0.546, respectively. The plot of the pH on the surface of concrete against the root of the year has a higher correlation in Naruto University of Education, Cafeteria building mountain areas among the comparison. The slope and variance (r 2 ) is used to explain the correlation regression lines. Tokushima-Kagawa area is a mountain area that included of twelve bridges. Its graph showed a slope of -0.168 and a variance of r 2 = 0.628. This means that the pH decreased by 0.168 per square root of the year (Fig. 2) , and 63% of data plot was arranged on the regression line.
Samples of seaside and Tokushima city area
The sea area was Takashima, which is surrounded by the sea, and is located in Naruto city, Tokushima prefecture. Concrete samples were water gates, bridges and buildings of Naruto University of Education in the area. They showed a correlation plot of r 2 = 0.206 as scatter plots of r 2 varied in 1 ≥ r 2 ≥ 0. A slope of -0.277 was obtained from the equation Y = -0.277x + 9.27, as shown in Fig. 3 . Its slope is 0.277, which is greater than 0.168 of the mountain area. The pH values of the concrete bridges in the sea area and the city area are more changeable than those in the mountain area. They could have been affected by sea exposure, which showered and emitted sulfur compounds, like SOx via (CH3)2S in the air. They later fell on concrete by acid rain and other kinds of precipitation. The air of this region contained NOx (NO + NO2) and SO2 with averages of 0.020 ppm and 0.008 ppm, respectively. 20 The quantity of SO2 emitted from the ocean is 22-times higher than NOx emitted from the same souces. 21, 22 Therefore, the atmosphere of sea and seaside areas contain higher amounts of SO2 than that of the mountain area. The mass of NOx emitted per year is less than 40% of the mass of SO2 in the case of only fossil combustion. 21, 22 The number of inhabitants of the area has been increasing, and the amount of transportation has also been increasing. Consequently, the NOx in the air has become higher in concentration, as found in a study of Murata et al. [23] [24] [25] Otherwise, samples of Tokushima city area were exposed to the exhaust of vehicles heavier than other areas in the study. Hence, the concentration of NOx releasing in the air was higher than that in the other areas. All of these pollutants transformed to sulfuric and nitric acids in rain, snow, or hail, which have diverse affects on concrete buildings as a neutralized problem of the concrete, as shown in Eqs. (5) and (6) . The later has a bigger scatter than the mountain area and sea area of data plots. It is considered that one of the reasons for the lower value of r 2 comes from acidic air pollution, which depends on the locations:
Ca(OH)2 + H2SO4 → CaSO4 + 2H2O (6) All data concerning the mountain, sea, and city areas are summarized in Fig. 4 . The result of the experiment clearly showed that the difference in the location of the concrete and the environmental pollution caused a rapid neutralization of concrete buildings.
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Conclusion
The data obtained in this study demonstrated that there was a correlation between the pH value of the concrete and the age of the concrete after construction. The older concrete buildings had lower pH values of the concrete surfaces. The changing rates of pH/year of concrete construction in the sea and city areas were much higher than that in the mountain area. However, the correlation of the pH on the surface of the concrete and the aging in the sea and city area were lower than in the mountain area. This leads to the conclusion that the mountain area had less pollutant, so that the decrease in the pH value was slow along with its aging, whereas the pH of concrete constructions in the city and sea areas rapidly changed under a polluted air atmosphere. This was caused pollutants from the exhaust of vehicles and machines that run by fuel, and other kind of pollution emission. The pollutants that affected concrete included many forms of gases as well as various kinds of precipitation. This fact could be identified by a simple method without any damaging or destruction of the concrete. Therefore, it is an environmentally friendly method to investigate the changing pH of concrete in the environment. It is a portable meter that one can simply bring anytime and anywhere to investigate a concrete sample in the environment.
